SUMMARY Histochemical studies and electron probe x-ray microanalysis for aluminium have been performed on 16 samples of undecalcified bone from cases of renal osteodystrophy associated with a syndrome suggestive of dialysis encephalopathy (five cases), age and sex matched controls for these and a group of patients with chronic renal failure (six cases) who have never been on haemodialysis. Aluminium was detected only in the patients with a dialysis encephalopathy-like syndrome. This group had significant histological bone disease the features of which were broadly consistent with the so-called atypical renal osteomalacia which is thought to be due to a metal toxin. Aluminium was demonstrated at the interface between osteoid and mineralised tissue-that is, at the site of the calcification front, where it could interfere with the mineralisation process. In the group of patients who had never been subjected to haemodialysis there was also significant histological bone disease but no evidence of aluminium accumulation. In this group the bone disease was of a more typical pattern of osteomalacic changes coupled with those of hyperparathyroidism.
Berlyne et all reported that hyperaluminaemia occurred in patients with advanced renal failure and suggested that the sources of aluminium were the dialysis fluid and orally consumed aluminium containing ion exchange resins and aluminium hydroxide used therapeutically to control hyperkalaemia and hyperphosphataemia respectively. More Tables 1, 2 , and 3.
In each instance cores of bone were taken from the left anterior iliac crest from just behind the anterior superior spine and through the top of the crest passing down between outer and inner cortices. The specimens were processed and embedded in araldite. Thin (7 ,.m 
Results
The results of the histoquantitative assessments are detailed in Table 4 . Both in group 1 (Fig. 1 ) and group 3 (Fig. 2) there was significant bone disease. In Fig. 1 surface value was at the limit of normality and histologically trabecular excavations were observed (Fig. 4) .
Positive histochemical staining reactions were observed with the three techniques listed above in all sections studied from the cases in group I (Figs. 5 and 6). The ammonium aurintricarboxylate method was found to be the most useful and numerous sections were stained by this technique which has now been adopted as a routine test. Negative staining reactions were obtained with the three techniques in all sections studied from the cases of groups 2 and 3.
Positive reactions were manifest as a linear colouration at the junction of osteoid and mineralised tissue-that is, in the region of the calcification front. These reactions were very extensive in all five cases and were present at the osteoid/ mineralised tissue junctions of thick and thin osteoid seams. Positive reactions were not obtained at the surface of the osteoid seams (marrow/osteoid junctions) or in the mineralised tissue. Examination of the sections in polarised light rendered the osteoid birefringent and emphasised the linear positive aluminon reaction. Positive reactions were not confined to the cancellous bone being present in cortical bone at the osteoid/mineralised tissue interface around Haversian canals.
The secondary electron images (Figs. 7a and 8a) clearly distinguish mineralised tissue, osteoid and marrow tissue and the junctional zones of these components. Mineralised tissue had a homogeneous light grey appearance and the osteoid was a darker grey usually with an array of parallel lamellae. The distribution of calcium determined by x-ray analysis at the same magnification precisely matched the mineralised bone area thus confirming the reality of the latter and by implication the reality of the osteoid (Figs. 7b and 8b ). The aluminium x-ray distributions were such that in group 1 cases there was an accumulation of this element at the osteoid/mineralised tissue junction and these distributions were therefore disposed in a linear fashion (Figs. 7c and 8c) . Linear x-ray distributions for aluminium were not found in any of the areas studied in any of the cases in groups 2 and 3.
In group 1 cases a very faint aluminium x-ray distribution was seen in both mineralised bone and the marrow tissue, the concentration appearing to be higher in the former.
Discussion
The histochemical reaction used to demonstrate aluminium in the majority of the tissue sections studied was the aluminon method which was originally devised by Irwin."1 Aluminon is a dye (ammonium aurintricarboxylate) which forms a lake with a number of metallic ions under appropriate conditions. The lake is a complex precipitate formed by the dye molecule reacting with the particular metallic ion. The formation of lakes by aluminon with the hydroxides or basic acetates of aluminium, beryllium, iron, thorium and the rare earths has been reported by Middleton.12 Most of these lakes, with the exception of those formed by aluminium and beryllium are dissolved or decolorised by a solution containing ammonium ion buffered at a pH of 7-2. The beryllium lake is unstable in the absence of excess dye. Under the conditions of the Irwin technique the lake formed, which has a cherry-red/purple colour, is considered specific for the demonstration of the presence of aluminium.
This specificity was tested by the use of electron probe x-ray microanalysis. Initially studies were performed with the Ortec EEDS-II energy dispersive system but aluminium could not be demonstrated in histochemically positive cases. Bearing in mind that Ellis et al8 were unable to demonstrate aluminium by Stereoscan scanning electron microscopy it was concluded that the energy dispersive system lacked the required sensitivity to demonstrate aluminium since this was probably present in low concentration. Assays for aluminium have not been performed on our material but in the cases studied by Ellis et al8 the concentration in haemodialysed patients was of the order of 150 parts per million. It was therefore decided to use the more sensitive wavelength dispersive system and by using high beam currents positive results were obtained and satisfactory photographs obtained by using prolonged exposure times.
Both histochemical and electron probe techniques demonstrated the localisation of aluminium at the junction of osteoid and mineralised tissue-that is, at the site of the calcification fronts. In the x-ray analytical images very faint dispositions were also noted in mineralised tissue and marrow (the latter less than the former). These are regarded as background emissions although the slightly higher emissions noted in the mineralised tissues might indicate the presence of aluminium in very low concentrations not detectable by the Irwin technique. However, it must be emphasised that the vast bulk of the x-ray emissions were at the osteoid/mineralised tissue interface thereby confirming the selectivity of the Irwin technique and suggesting a very high degree of sensitivity.
The patients in group 1 were chosen for study because they had a clinical syndrome suggestive of dialysis encephalopathy. The evidence for this is presented in Table 1 . The diagnosis might be considered doubtful in patients 4 and 5 in view of the psychiatric history in these two cases. It will be seen from Table 4 that in group I there was significant bone disease characterised by hyperosteoidosis and reduced calcification fronts. Group 2 represent age and sex matched controls for group 1. In this group are patients who had been investigated for suspected metabolic bone disease. There was no evidence of osteomalacia and clinical and biochemical studies specifically excluded renal dysfunction in these cases. These patients were used as controls in preference to available necropsy material because their renal function status at the time of bone biopsy was accurately known (Table 2 ). In addition an identical volume of tissue was taken from the same skeletal site and processed in an identical way in both groups (this also applies to group 3 biopsies).
It was decided to examine the tissues of patients included in group 3 because these patients (although suffering from chronic renal failure) had never been treated by haemodialysis or any form of dialysis. The availability of biopsy material from such cases is extremely limited and it was not therefore possible to match them precisely for age and sex with groups 1 and 2. Their mean age of 41.6 yr is less than that of groups 1 and 2 (55.4 yr) and this due to the inclusion of a 15-year-old boy and a 30-year-old woman in the group. Their clinical data are presented in Table 3 . It is evident from Table 4 that these patients also had significant histological bone disease. Their mean osteoid volume was the same as that of group 1. This was a coincidence since the cases were not selected to obtain this parity. The histological pattern of the bone disease was hyperosteoidosis with diminished calcification fronts and increased resorptive activity.
In contrast to groups 1 and 2 the mean total bone volume was higher in group 3. Their calcification fronts were also diminished but not to the same extent as group 1. A major difference was that resorptive activity was greater in group 3 than group 1.
Aluminium was demonstrated only in group 1 cases and these patients had been treated by haemodialysis (mean duration = 35 months). 
